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ABSTRACT

We have developed a splinning wheel analyzer of
millisecond isotopes (SWAMI), an instrument to
measure the kinetic energy of flssion-fragment
pairs from the spontaneous fission (SF) of
miilisecond isotopes. This instrument employs a
continuous band of thin, aluminum folls mounted
at the perimeter of a splnning wheel to stop and
retain recoil products produced during
continuous, heavy-ion bombardment of heavy,
actinlide targets. The rotation of the wheel
moves the lmplanted reaction products past four
pairs of surface-barrier detectors, where the
energies of correlated fission fragments are
measured. With this instrument, we can
determine the mass and total kinetic energy
(TKE) distributlons for isotopes with half-lives
between 0.5 and 300 ms. To date, we have used
SWAMI to measure the ma3368nd TKE distributions
EggNtwo nuclldes, 20-ms f104] and 1.2-ms

o

IATRODUCTION

The spontaneous and low excitation-energy
flssions of actinlde nuclldes lighter than
fermium exhibit systematic trends in their mass
and TKE distributions. The mass distribution is
asymmetric, with a heavy wing averaging about
140 amu and a light wing comprising the
remainder of the mass. The TKE of the actlinides
increases linearly when p§otted against the
Coulomb ?arameter, ZZ/A'/ » of the fissioning
nucié&e. This behavior changes abruptly
at. Fm, for which fissfon with a narrow,
symmetric mass dlxislon and high TKE (235 MeV)
becomes dominant.“ These properties seem to be
the result of the formatlon of two nearly
spherical fragments, each with proton and
neutron_numbers close to that of the doubly
maglec '““Sn nucleus.

The half-1lives of transfermium nuclldes are
short, particularly those with even numbers of
neutrons and protons. No even-even transfermium

nuclides have been discovered with half-lives
greater than 1 minute, and most have half-lives
between 1 and 300 ms. To further investigate
the transitions in SF properties of the heaviest
nuclides, we have designed and used the SWAMI
system at the 88-inch eyclotron at the Lawrence
Berkeley Laboratory to measure the kinetlic
energies of fission-fragment pairs from the SF
of lgotopes with short half-lives (0.5 to 300
ms). This has allowed us to determine the mass
and TKE distribution of isotopes with
millisecond half-lives. A schematic drawing of
SWAMI is shown in Fig. 1.

EXPERIMENT

We produce the millisecond isotopes as
compound-nucleus (CN) products formed bgnshe
Sggbardment of heavy act*gide1§argets ( Bk

Cm) with heavy ions ('“N, '°C). We use
bombarding energlies at the peaks of calculated
exclitation functions to optimize the yield of
the desired CN recoil product. There is no
elemental or mass identification of fissioning
nuclel associated with the SWAMI apparatus.

Partial separation of the CN recoil
products from nuclear transfer products and
target knockover atoms is accomplished by taking
advantage of thelr range and angular
distribution. CN products have a narrow,
forward-peaked angular distribution and a range
characteristic of the full momentum provided by
the formation reaction. The SWAMI system
employs a collimator, located between the target
and the collector foils, to restrict the angle
of the emitted nuclear recoil products. CN
products pass through the collimator, whereas
transfer products emitted at larger angles are
stopped. The energy of the reaction products 1is
reduced by passage through thin metal foils
covering the collimator. The thickness of these
foils is chosen to degrade the energy of the CN
products so that the end of their range occurs
within the aluminum collection foil. About half
of the CN products are stopped within the thin,
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Figure ). Schematic of the SWAMI! instrument, used to
mecasure coincident fragment energies from the
spontancous fission of millisecond nuclides produced by
heavy-ion reactions with actinide-target isotopes. A
portion of the recoil nuclei from the nuclear reaction is
stopped in 100-ug/cm? aluminum foils surrounding the
rotating wheel, where they are moved between opposing
pairs of surface-barrier detectors.

rotating collector foils. Knockover products,
with a very short range, are stopped and
retained by the degrader folls.  Transfer
products, which usually have a range
considerably greater than the CN products,
largely pass through the collection foils,
thereby allowing additional discrimination. We
reduced the collectlon of transfer products by a
factor of six through collimation and range
discrimination.

The collector folls are mounted on the
perimeter of a spinning wheel, which moves the
implanted reaction products past four successive
pairs of opposing surface-barrier (Si(Au))
detectors. We reduggg thg gF contribution from
transfer products (<°°Md/<°°pp) by an additional
factor of 3-4 by replacing the collection foils
with fresh ones every three hours. The energy
of correlated fission fragments and a rough
half-life are measured for the SF nucl ides
implanted in the collection folls. The overall
efficiency with SWAMI for detection of fragment
pairs from the millisecond isotopes was 5-6%.
From each pair of fragment energies, the total-
kinetic energy and fragment masses are
calculated on the basls of conservatlion of mass
and momentum.
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The detectors require energy calibrations
with an SF standard with well-characterized
energy and mass distributions. WSsgsed ’
speclially prepared SF sources of Cf for this
purpose. Eacgsaource was prepar'edzby
volatilizing Cf onto a 50-ug/cm” Al foll,
supported on a trapezoidal frame of the same
dimensions as was used for the collection
folls. The Cf sgot was then covered with
another S7-ug/cm® Al by evaporation to give a Cf
source close to the same total thigkness as the
collection foils, namely 100-ug/em© Al. During
calibrations, the standard was loaded on a
collection wheel and then mounted in the SWAMI
chamber. SF events were accumulated for both
stationary and spinning-wheel conditions to
determine the energy calibrations and palir-
detection efficiencies. For cahlbrations, we
used an average TKE of 181 MeV.

RESULTS

We have determined the SF properties of two
nucégges using the SWAMI system. The first, 20-
ms (104], has a broad TKE distribution, with
a full width at half maximum (FWHM) of 45 MeV.
The average TKE is 200.4 MeV. The mass :
distribution Is symmetric and broad, with a FWHM
8§836 amu. The second nuclide studied, 1.2-ms

No, agalin shows a broad TKE dlstribution; but
for thls nuclide, a skewing towards high TKE {s
observed. The averagezggs 1s 206.5 MeV. The
mass distribution for No is symmetric, but
with a decidedly narrower FWHM of 14.6 AMU.

With SWAMI, we have been able to measure
the energy of fission fragments from the SF
decay of millisecond isotopes. Collection on
thin folls has resulted in good energy
resolution, which is necessary to determine the
TKE and mass distributions. The contribution of
detected fragment pairs from transfer products,
produced with much higher cross sections, has
been effectively reduced. This was accomplished
through range discrimination and collimation of
the nuclear reaction products, as well as
through frequent exchange of the collection
folls.

This work was performed under the auspices of
the U.S Department of Energy by Lawrence
Livermore National Laboratory under contract
W-TH05-Eng-48.
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